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Abstract: Heart disease is one of the leading causes of morbidity and mortality globally. To reduce 
morbidity and mortality among patients with heart disease, it is important to identify drug targets and 
biomarkers for more effective diagnosis, prognosis, and treatment. MicroRNAs (miRNAs) are characterized 
as a group of endogenous, small non-coding RNAs, which function by directly inhibiting target genes. The 
miR-15/107 family is a group of evolutionarily conserved miRNAs comprising 10 members that share an 
identical motif of AGCAGC, which determines overlapping target genes and cooperation in the biological 
process. Accumulating evidence has demonstrated the predominant dysregulation of the miR-15/107 
family in cardiovascular disease, neurodegenerative disease, and cancer. In this review, we summarize the 
current understanding of the miR-15/107 family, focusing on its role in the regulation in the development 
of the heart and the progression of heart disease. We also discuss the potential of different members of the  
miR-15/107 family as biomarkers for diverse heart disease, as well as the current applications and challenges 
in the use of the miR-15/107 family in clinical trials for various disease. This paper hopes to explore the 
potential of the miR-15/107 family as therapeutic targets or biomarkers and to provide directions for future 
research.
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Introduction

MicroRNAs (miRNAs) are a class of small non-coding 
RNAs, generally 20–22 nucleotides(nt) in length. Most 
miRNAs post-transcriptionally inhibit target genes by 
binding to the 3’ untranslated region (3’UTR) of target 
genes, leading to the messenger RNA (mRNA) degradation 
or protein translation inhibition. Thus, miRNAs play a 
significant role in various biological processes, such as 
apoptosis, autophagy, and angiogenesis (1-3).

A miRNA family is defined as a group of miRNAs that 
possess seed sequence. The seed region usually refers to the 
2–7 nt of the 5’ portion of miRNAs, which is critical for 

target recognition, and determines the overlapping target 
genes (4-6).

Heart diseases are multifactorial disorders, comprising 
myocardial infarction (MI), cardiac hypertrophy (CH), 
fibrosis, heart failure (HF), and other conditions. The 
morbidity and mortality of heart disease are increasing 
globally and greatly burden the individual and their 
family. Although a number of regimens are used to treat 
heart failure, its morbidity and mortality continue to rise. 
Therefore, efforts to develop new therapeutic strategies are 
required (7,8).

Numerous studies have demonstrated the regulatory 
role of miRNAs, such as miR-1, miR-22, and miR-133, in 
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the development and progression of heart disease, and have 
provided us with a comprehensive overview of the role of 
miRNAs in cardiac development (9-11). Given the miR-
15/107 family members harbor identical seed regions—
which means there is a high degree of overlap in target 
genes—this review focuses on the miR-15/107 family and 
summarizes their physiological and pathological effects on 
heart disease, their circulating signature in patients with 
heart disease, and the current applications and challenges 
of the miR-15/107 family in clinical trials. By conducting 
this review, we hope to provide guidance for the diagnosis, 
prognosis, and treatment of heart disease.

We present the following article in accordance with 
the Narrative Review reporting checklist (available at  
http://dx.doi.org/10.21037/atm- 20-6073).

Methods

We conducted a literature search of the PubMed database 
using the following keywords: “miR-15/107 family”, specific 
individual miRNAs of the miR-15/107 family and heart 
disease, “circulating miR-15/107 family and heart disease”. 
We also reviewed articles on the concepts of “miRNA”, 
“miRNA family”, and “miRNA cluster”, as well as the 
definition of different heart diseases, including “myocardial 
hypertrophy”,  “myocardial  infarct ion”,  “diabetic 
cardiomyopathy”, “hypertensive heart disease”, and “heart 
failure”. Original articles and review articles published in 
the English language between April 2002 to May 2020 were 
included.

Genomics location, conservation, and expression 
pattern of miR-15/107 family

The miR-15 family consists of 6 paralogous members: miR-
15a, miR-15b, miR-16, miR-195, miR-424, and miR-497. 
Based on the conserved “AGCAGC” sequence, the miR-15 
family may be extended to include the miR-15/107 family, 
which comprises miR-103, miR-107, miR-503, and miR-
646 (12).

The miR-15/107 family is ubiquitously expressed in 
different tissues and evolutionarily conserved; however, miR-
497, miR-195, miR-424, and miR-503 are only expressed 
in mammals, while miR-646 is human- and chimpanzee-
specific (12). The miR-15/107 family is expressed at 
medium-to-high levels across various tissues. While the 
family members are ubiquitous and not tissue specific, they 
show tissue preference. For instance, miR-103 and miR-

107 are expressed at higher levels in the brain, while other 
family members are expressed at higher levels in non-brain 
tissue. Furthermore, miR-15a, miR-15b, and miR-16 show 
higher expression in the spleen, while miR-424 is enriched 
in the kidney, liver, and skeletal muscle. Kidney tissue also 
has a relatively high expression of miR-646 (13). Only miR-
103 and miR-107 are included on the list of the 18 miRNAs 
constitutively expressed in all mammalian tissues during 
different stages of development (14). miR-15b and miR-16 
are upregulated in the late stages of erythropoiesis (15,16), 
while the expression levels of miR-15 and miR-16 are 
relatively higher in the fetal brain (17).

The miR-15/107 family members can be classified 
into different clusters according to their chromosomal 
locations. miRNAs in the same clusters tend to function 
similarly with similar transcriptional regulations (18). The 
miR-15a and miR-16-1 cluster is located at the deleted in 
lymphocytic leukemia 2 (DLEU2) gene on chromosome 
13. The miR-15b and miR-16-2 cluster is situated in the 
structural maintenance of chromosomes 4 (SMC4) gene. 
SMC4 is a critical, highly conserved ATPase that involved 
in DNA/chromatin dynamics. miR-16-1 and miR-16-2 
are transcribed from DLEU2 and SMC4, respectively, and 
progress to the same mature miR-16 sequence. Specifically, 
miR-15a and miR-16 are located within the fragile region of 
chromosome 13q, which is deleted in chronic lymphocytic 
leukemia (CLL) (19). The miR-497 and miR-195 cluster is 
derived from a long non-coding RNA, MIR497HG, which 
resides in chromosome 17p13.1. The miR-424 and miR-
503 cluster is located at the same locus of chromosome 
X. Notably, miR-322 is the homolog of miR-424 in  
mouse (12,20). Despite miR-103 and miR-107 being 
located on different chromosomes, their host genes belong 
to the pantothenate kinase (PANK) family (21). miR-
103 and miR-107 are almost identical but differ by one 
nucleotide at position 21 (22), and recent studies have 
revealed their cooperative role in various diseases. Unlike 
the miR-15 family, the seed sequence of miR-103/107 starts 
from the first nucleotide of the 5’ end (22). Consequently, 
in the prediction of target genes using TargetScan  
(http://www.targetscan.org/vert_71/), the predicted target 
genes of the miR-15 family differ considerably from those 
of miR-103/107.

Since the miR-15/107 family harbors the same seed 
sequence, the target genes of these miRNAs overlap (23) 
and thus regulate a series of biological processes including 
proliferation, cell division, metabolism, stress response, and 
angiogenesis (12). Additionally, miR-15/107 can regulate 
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target genes by binding preferentially to their coding 
sequence (CDS) region (24). Dysregulation of miR-15/107 
family members has been reported in various disease, 
including cardiovascular diseases, neurodegenerative 
disease, and cancer (12).

The evolution of the miR-15/107 family has been 
investigated; however, whether members of miR-15/107 
family descend from the same or different ancestors has not 
been studies and requires further investigation.

Function of the miR-15/107 family in heart 
development and cardiac disease

Cheng et al. performed mouse miRNA microarray analysis 
and revealed a high abundance of miR-15a, miR-16, miR-
424, miR-195, and miR-103 in normal mouse hearts tissues, 
suggesting that the potential importance of this miRNA 
family (25). This research has prompted further exploration 
of the miR-15/107 family in cardiac function.
Studies have demonstrated that the miR-15/107 family 
members not only participate in the development of the 
heart but are dysregulated in heart diseases, including in the 
condition of myocardial hypertrophy, myocardial infarction, 
diabetic cardiomyopathy, hypertensive heart disease, and 
heart failure.

miR-195 in different types of heart disease

Currently, miR-195 is the most extensively studied 
miRNAs in relation to cardiac function. Here, we discuss 
the involvement of miR-195 in different heart diseases, 
including myocardial hypertrophy, myocardial infarction, 
diabetic cardiomyopathy, and heart failure.

miR-195 in postnatal cardiomyocyte mitotic arrest
Post-natal cardiomyocyte mitotic arrest significantly limits 
the regenerative ability of the adult mammalian heart after 
injury (26). In the first study of illuminating the role of the 
miR-15 family in heart development, Porrello et al. defined 
the miR-15 family members as significant regulators of 
post-natal cardiomyocyte mitotic arrest (27). During the 
neonatal period, members of the miR-15 family, especially 
miR-195, are upregulated, accounting for cardiomyocyte 
mitotic arrest. Further analysis demonstrated that miR-
195 downregulated cell cycle genes, including Cdc2a, 
Chek1, Birc5, Nusap1, and Spag5. In contrast, silencing of 
the miR-15 family upregulates cell cycle genes, inducing 
cardiomyocyte mitotic entry and progression during the 

post-natal period (27).

miR-195 in myocardial hypertrophy
Myocardial hypertrophy is a compensatory response of 
the heart to increase pressure overload. Without effective 
intervention, persistent myocardial hypertrophy leads 
to decompensation of cardiac function before eventual 
progression to heart failure. Therefore, elucidating the 
underlying mechanism of the development and progression 
of myocardial hypertrophy may guide new treatments for 
heart failure management (28).

Upregulation of miR-195 has consistently been reported 
in different models of myocardial hypertrophy, including 
thoracic aortic banding (TAB)-induced (29), calcineurin A 
(CnA)-induced (29), isoprenaline (ISO)-induced (30), and 
angiotensin 2 (Ang2)-induced hypertrophic models (31,32). 
Expression of miR-195 is also induced in human failing  
myocardium (33); however, the mechanism by which miR-
195 regulates myocardial hypertrophy vaires. miR-195 inhibits 
myocardial hypertrophy mainly by regulating cell cycle-
related genes (34), mitochondrial integrity and function (32), 
energy metabolism (33), and the TGFβ signaling pathway (31). 
Cell-cycle regulator cyclin D2 (34), HMGA1 (30), mitofusin 
2 (MFN2) (32), FBXW7 (32), and SIRT3 (33) have been 
confirmed as be target genes of miR-195 involved in these 
biological events. Of note, MFN2 is a mitochondrial outer 
membrane GTPase that mediates mitochondrial clustering and 
fusion (35), and modulates the generation of reactive oxygen 
species (ROS) (36,37). Deceased SIRT3 expression can also 
be found in failing human myocardium. As a mitochondrial 
deacetylase, SIRT3 regulates mitochondrial acetylome 
and maintains mitochondrial function (33). Mitochondrial 
disruption has a crucial role in the pathophysiological process of 
heart disease (8,38); hence, it is interesting to further explore the 
regulation of mitochondrial integrity and function by miR-195.

Finally, in mouse models of hypertrophic cardiomyopathy, 
miR-195 has been shown to be enriched, resulting in the 
inhibition of Cab39 and repression of the Lkb1/Strad/
Cab39-dependent signaling pathway (39).

miR-195 in myocardial infarction
In myocardial infarction (MI), miR-195 is also found 
to be elevated. MI refers to myocardial cell death due 
to prolonged ischemia (40). Apoptosis, also known as 
programmed cell death, is major forms of cardiomyocyte 
death during MI (41). Oxygen deprivation or an increase 
oxidative stress can trigger cell apoptosis and evoke MI (38).

miR-195 has been found to be consistently upregulated 
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in various induced models of MI, such as ischemia 
reperfusion(I/R) injury in mice (42), MI in rats (43), 
hypoxia/reoxygenation (H/R) treatment of H9C2  
cells (44), hypoxic (43) and H2O2 treatment (43,45) of 
cardiomyocytes, as well as palmitate-induced myocardial 
apoptosis (46). In these different injuries, miR-195 
predominantly functions mainly by targeting a series of anti-
apoptotic target genes, such as BCL2 (42,43), c-myb (44), 
BCL2L2 (45), and SIRT1 (46), to induce ROS generation 
and promote apoptosis. In particular, c-myb suppresses 
mitochondrial superoxide generation (44), which supports 
the role of miR-195 in mitochondrial homeostasis. The 
findings above highlight the pro-apoptotic role of miR-195 
and also encourage further investigation into interactions in 
the miR-195/target genes/apoptosis axis.

Porrello et al. uncovered the potential role of the miR-15 
family in heart regeneration (27). Follow-up studies by this 
group established ischemic MI models to further illuminate 
the cardiac regenerative capacity of miR-15 family members, 
and confirmed that the family mediates neonatal heart 
regeneration via suppression of postnatal cardiomyocyte 
proliferation. Moreover, hearts with transgenic miR-195 
were found to have lower regenerative capacity after MI, 
while suppression of miR-15 family members led to adult 
myocyte proliferation and improved cardiac function after 
MI. Porrello et al. also demonstrated that the miR-15 family 
suppresses cardiomyocyte proliferation and a number of cell 
cycle-related genes (47).

miR-195 in diabetic cardiomyopathy
Diabetic cardiomyopathy is a cardiac disease associated 
with diabetes (48). In a mouse model of streptozotocin 
(STZ)-induced Type 1 diabetes, miR-195 was observed to 
be upregulated (49); however, in a rat model of high-fat 
high-fructose diet-induced Type 2 diabetes, miR-195 was 
downregulated (50). BCL2 and SIRT1 were characterized 
as target genes of miR-195 in both these models (49,50). 
Zheng et al. further reported that overexpression of miR-
195 induced apoptosis and inhibited angiogenesis, while 
suppression of miR-195 reduced oxidative damage and 
promoted angiogenesis (49). Moreover, Khakdan et al. 
demonstrated that high-intensity interval training (HIIT) 
can effectively improve cardiac function via downregulation 
miR-195 (50).

miR-195 in heart failure
Heart failure is the end-stage of most heart disease, 
including myocardial hypertrophy, hypertension heart 

disease, and MI (51,52). In a mouse model of transverse 
aortic constriction (TAC)-induced heart failure, inhibition 
of miR-195 was found to mitigate heart function injury 
in heart failure by targeting CXCR4 and inactivating the 
JAK/STAT signaling pathway (53). Xie et al. reported that 
miR-195 was downregulated in cardiac disease. In rats with 
heart failure, the myocardium showed a lower expression 
of miR-195 and a higher protein expression of TGF-β1 
and SMAD3. Enhanced expression of miR-195 can repress 
H/R-induced cardiomyocyte apoptosis and thus preserve 
cardiac function (54); however, the mechanism underlying 
this inconsistency remains elusive. Furthermore, miR-195 
is upregulated in cardiac dysfunction induced by selenium 
deficiency (55).

These findings show that miR-195 is mostly upregulated 
in different settings of heart disease and behaves as a 
detrimental cardiac miRNA under different injuries.

In addition to miR-195, both in vivo and in vitro 
models were established by multiple independent research 
groups to extend the understanding of the role of other  
miR-15/107 family members in the cardiovascular system.

miR-497 in different types of heart disease

Despite miR-497 and miR-195 belonging to the same 
cluster, their functions in cardiac development and disease 
are quite different.

miR-497 is decreased during cardiac differentiation (56),  
as  wel l  as  in models  of  Ang2- and TAC-induced  
hypertrophy (57). During the induction of cardiac 
differentiation, miR-497 targets TGFβ1, TGFβR1, 
TGFβR2, and SMAD3, and regulates the TGFβ signaling 
pathway (56). SIRT4 has been identified as a target of  
miR-497 in hypertrophic inhibition (57). Specifically, SIRT4 
is a mitochondrial NAD+-dependent ADP-ribosyltransferase, 
that participates in metabolism (58,59). This supports that the 
miR-15/107 family has critical involvement in mitochondrial 
regulation and energy metabolism.

The expression patterns of miR-497 in response to injury 
are contradictory. Li et al. defined miR-497 as a harmful 
modulator in neonatal rat cardiomyocytes (NRCs) with 
anoxia/reoxygenation injury, as well as in murine hearts 
subjected to MI injury. During injury, miR-497 is decreased. 
Overexpression of miR-497 induces apoptosis and 
suppresses autophagy by inhibiting BCL2 and autophagy 
related gene light chain 3 B (LC3B) (60); however, in mouse 
models of myocardial I/R injury, overexpression of miR-497 
has been reported to downregulate MFN2, thus inhibiting 
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cardiomyocytes apoptosis (61). 

miR-424 in different types of heart disease

In a study to identify miRNAs expressed in early cardiac 
progenitors cells, the miR-322 (ortholog of human miR-
424) and miR-503 cluster was found to be expressed in 
the early stage of development of cardiac progenitor cells 
and to regulate cardiac muscle differentiation during 
embryogenesis, which further evidenced to the role of the 
miR-15/107 family in cardiac development (20).

Studies from different groups have demonstrated that 
the level of miR-424 increases with hypoxia (62,63). The 
upregulation of miR-424 results in the accumulation of 
HIF1α in the nucleus, which enhances angiogenesis (62). 
Overexpression of miR-424 is HIF1α-dependent, and 
leads to VEGF reduction and the enhancement of vascular 
endothelial cadherin phosphorylation (63).

miR-424 is also increased in cardiac I/R damage. In a 
mouse model of I/R injury and cell models subjected to 
H/R injury, miR-424 was shown to be upregulated, and 
triggered the overexpression of several pyroptosis-related 
proteins, such as caspase-1, caspase 11, IL-1β, and IL8 by 
targeting CRISPLD2 (64).

miR-16 in different types of heart disease

miR-16 behaves as  a  protective factor in cardiac 
hypertrophy. Huang et al. established different animal 
and cell models to illustrate the contribution of miR-
16 in cardiac hypertrophy. miR-16 has consistently been 
found downregulated in rat models with abdominal aortic 
constriction (AAC), mouse models subjected to TAC, 
mouse models induced by phenylephrine (PE), and cells 
treated with PE or Ang2. Mechanistically, overexpression 
of miR-16 inhibits cardiac hypertrophy by targeting cyclins 
D1, D2, and E1. Conversely, silencing of miR-16 results 
in activation of the cyclin/Rb pathway and promotes 
progression to cardiac hypertrophy (65).

In contrast to its cardioprotective role in cardiac 
hypertrophy, miR-16 has been identified as having an 
adverse effect on the pathogenesis of ischemic heart 
disease. Expression of miR-16 is induced in H/R-treated  
AC16 cells (66), H2O2-treated neonatal rat ventricular 
cells (NRVCs), and rats with acute myocardial infarction 
(AMI) (67). Moreover, miR-16 aggravates cardiac injury by 
decreasing cell viability and increasing apoptosis (66,67). 
IRS1 (66) and beta2-adrenoreceptor (β2-AR) (67) are 

experimentally established targets of miR-16. These studies 
demonstrates that miR-16 is involved in MI.

In hypertensive heart disease (HHD), another cause of 
heart failure (68), miR-16 expression is also increased (69). 
He et al. aimed to explore the mechanism underlying this, 
and demonstrated that miR-16 negatively regulates the 
adrenoreceptor alpha 1a gene (ADRA1A) in deoxycorticosterone 
acetate (DOCA)-induced cell and rat models of HHD (70).

miR-15b in different types of heart disease

Several  studies have determined that miR-15b is 
upregulated in MI (71-74). BCL2, ARL2, PDK4, and SGK1 
have been identified as target genes of miR-15b during  
injury (74-76). Notably, PDK4 is involved in mitochondrial 
function (77), SGK1 is an anti-apoptosis protein (78), 
and ARL2 is a regulator of mitochondrial integrity and 
cardiac function (76). Given the role of mitochondrial 
dysfunction in heart disease, it is likely that disruption of 
miR-15b degenerates the mitochondrial by controlling ATP 
production as well as ROS formation, which ultimately 
culminates in heart disease.

Furthermore, miR-15b is elevated in hypertrophic 
cardiomyopathy, by targeting p38, TGFBR1, TGFBR2, 
TGFBR3, SMAD3, SMAD7, and regulating the TGFβ 
signaling pathway (79), which is similar to the regulation of 
cardiac differentiation by miR-497 (56).

Conversely, Liu et al. reported reduced expression 
of miR-15b in human umbilical vein endothelial cells 
(HUVECs) during hypoxia. Hypoxia-induced tube 
formation and cell migration were attenuated after 
transfection with miR-15b, and were accompanied by the 
downregulation of VEGF and Ang2, suggesting the possible 
involvement of miR-15b in anti-angiogenic activity (80).

miR-103/107 in different types of heart disease

miR-103 and miR-107 are defined as cardioprotective 
factors in cardiac hypertrophy. Rat models with TAC 
and Ang2-treated cells showed a reduction of miR-
103 expression, along with a concurrent upregulation 
of TRPV3 and increased autophagy. Furthermore, 
overexpression of miR-103 reduced BNP and β-MHC 
expression, and reduced fluorescence intensity of Ca2+ 
signal, indicating the inhibitory effect of miR-103 on 
cardiac hypertrophy (81). Rech et al. further demonstrated 
that inhibition of miR-103/107 attenuated cardiac 
function, leading to decrease in cardiomyocyte size and 
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mitochondrial oxidative capacity (82). Since miR-103 and 
miR-107 have reached the clinical stage in the treatment 
of patients with Type 2 diabetes and liver disease on 
account of their upregulation in obese mice and insulin 
sensitivity (83), their protective role in cardiac function 
emphasizes that accurate therapeutic delivery of drugs to 
specific organs is imperative to avoiding side effects (82).

Both in vivo and in vitro studies have demonstrated the 
positive involvement of miR-103/107 in necrosis. Exposure 
to high doses of H2O2 leads to a reduction of H19, which 
releases miR-103/107, thereby reducing FADD, which 
negatively affects cell necrosis by inhibiting the formation 
of the PIPK1/PIPK3 complex. Accordingly, suppression 
of miR-103/107 can attenuate necrosis (84). Wang et al. 
also revealed that miR-103/107 show no effect on TNF-α-
induced necrosis and low concentration of H2O2-initiated 
apoptosis, indicating that the phenotypic effects of the same 
molecule may differ depending on the type and dose of 
stress (84).

The entire miR-15/107 family in different types of heart 
disease

Given that the miR-15/107 family shares an identical seed 
sequence, some researchers have also studied the family as 
a whole. Data from Sayed et al. reveals that miR-15b, miR-
195, miR-103, and miR-107 were upregulated 14 days after 
TAC (85). Tijsen et al. showed that miR-15b, miR-16, miR-
497, miR-195, and miR-424 were consistently increased 
in hypertrophic cardiomyopathy (79), thus confirming 
the involvement of the miR-15/107 family in cardiac 
hypertrophy.

Consistently elevated levels of miR-15a, miR-15b, miR-
16, miR-497, and miR-195 were detected in the infarcted 
zone 24 hours after ischemic injury in a porcine MI models 
study (74), which evidenced the role of the miR-15/107 
family in ischemic heart disease.

Here, we have summarized the expression patterns of the 
miR-15/107 family members in different models of heart 
damage (Table 1) and the possible mechanisms leading to 
heart damage (Figure 1).

Circulating miR-15/107 family members as 
biomarkers for patients with heart disease 

miRNAs are initially discovered circulating in the blood. 
Circulating miRNAs possess great potential as biomarkers 
for cancer and heart disease due to their abundance, high 

stability in the blood, high specificity, and strong diagnostic 
sensitivity (86-88).

Although troponin and creatine kinase—the current 
gold standard for diagnosis for MI and heart failure—show 
strong sensitivity, their specificity is somehow insufficient, 
as troponin and creatine kinase are also elevated in patients 
with chronic renal disease (89). Searches for alternative 
biomarkers with higher specificity and sensitivity for heart 
disease are urgently needed.

miR-195 was found to be increased in plasma samples 
from patients with AMI compared to healthy individuals, 
suggesting that it could be a potential biomarker for 
AMI (90). Other members of the miR-15/107 family also 
circulate miRNAs in the blood of patients with heart 
disease.

For instance, miR-16 is significantly increased in the 
plasma of patients with takotsubo cardiomyopathy (TTC) 
compared to healthy individuals. This unique signature of 
elevated circulating miR-16-5p also distinguishes TTC 
from MI patients (91).

Furthermore, miR-16 is also upregulated in the urine 
and serum of cardiac surgery patients, as well as being 
higher in the urine of on-pump patients than off-pump 
patients. This suggests that the release of specific miRNAs 
is likely to be responsible for ischemic and hypoxic damage 
during surgery (92).

Interestingly, the signature of circulating miRNAs 
signature differs in patients with heart failure depending 
on the type and stage of disease. Plasma samples from 
patients with acute heart failure display a reduction in the 
level of miR-103 (93). Another study showed that miR-
16 is negatively correlated with C-reactive protein, which 
indicates a worse clinical outcome for patients with acute 
heart failure (94). The peripheral blood mononuclear 
cells (PBMC) of patients with chronic heart failure show a 
downregulation of miR-497 and miR-107 (95), while miR-
16 is decreased in the peripheral blood of patients with end-
stage heart failure. And vacuolar protein sorting 4a (VPS4a), 
an ATPase that significantly decreases total cell numbers, 
has been identified as a target of miR-16, and it is increased 
during end stage of heart failure patients. Moreover, after 
left ventricular assist device (LVAD) therapy, miR-16 is 
increased, and VPS4a is decreased (96). Consistently, 
in silico analysis of the peripheral blood samples of 
patients with heart failure revealed that miR-16, miR-
424, and miR-195 were decreased in coronary sinus blood  
samples (97); however, data from Zhang et al. confirmed 
that miR-195 levels in the heart and plasma of patients with 
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Table 1 Expression patterns of miR-15/107 family in heart disease

miRNA Study model/cell Disease Expression Target Function Reference

miR-195 TAB- and CnA-induced  
hypertrophy

Cardiac  
hypertrophy and 
heart failure

Upregulation Drive cardiomyopathy (29)

miR-195 ISO-induced hypertrophy Cardiomyocyte 
hypertrophy

Upregulation HMGA1 Accelerate cardiomyocyte 
hypertrophy

(30)

miR-195 Ang2-induced cardiac  
hypertrophy mouse models

Cardiac  
hypertrophy

Upregulation Inhibit TGFβ  pathway (31)

miR-195 Ang2-treated H9C2  
cardiomyocytes and mice

Cardiomyocyte 
hypertrophy

Upregulation MFN2 and 
FBXW7

Promotes cardiac  
hypertrophy

(32)

miR-195 STZ-induced type 1 diabetes 
mouse models

Diabetic  
cardiomyopathy

Upregulation BCL2 and 
SIRT1

Induce apoptosis and  
attenuate angiogenesis

(49)

miR-195 High-fat high-fructose  
diet-induced type 2 diabetes rat 
models

Diabetic  
cardiomyopathy

Downregulation SIRT1 and 
BCL2

Attenuates myocardial  
dysfunction

(50)

miR-195 HF rats and H/R cardiomyocytes Heart failure Downregulation SMAD3 Inhibit apoptosis (54)

miR-195 TAC-induced HF mouse model Heart failure Upregulation CXCR4 Promote apoptosis (53)

miR-195 Palmitate-induced apoptosis Lipotoxic 
cardiomyopathy

Upregulation SIRT1 and 
BCL2

Promote apoptosis (46)

miR-195 Failing human myocardium Heart failure Upregulation SIRT3 Mitochondrial protein  
acetylation and metabolism

(33)

miR-195 H9C2 cells treated with H/R injury, 
mouse model of I/R injury.

Ischemic heart 
disease

Upregulation c-myb, 
BCL2

Promote apoptosis (42,44)

miR-195 H2O2-treated human  
cardiomyocyte

Ischemic heart 
disease

Upregulation BCL2L2 Suppress cell viability and 
induce apoptosis

(45)

miR-195 MI rats and hypoxic or  
H2O2-treated cardiomyocytes

Myocardial  
infarction

Vary at infarcted, 
border and remote 
zone at different 
time point

BCL2 Promote apoptosis (43)

miR-195 Rat models with aortic banding Early hypertrophic 
growth phase

Upregulation Angiogenesis and cell growth (34)

miR-15a Murine hearts subjected to I/R 
injury and cardiomyocytes  
subjected to H/R injury

Myocardial  
ischemia  
reperfusion injury

Upregulation BCL2 Promote apoptosis (71)

miR-15b Murine hearts subjected to I/R 
injury and cardiomyocytes  
subjected to H/R injury

Myocardial  
ischemia  
reperfusion injury

Upregulation BCL2 Promote apoptosis (71,75)

miR-15b HUVECs treated with hypoxia Myocardial  
infarction

Downregulation Modulate apoptosis and  
angiogenesis

(80)

miR-15b Neonatal rat cardiac myocytes ARL2 Modulate cellular ATP levels 
and degenerate mitochondria

(76)

miR-15b C57BL/6 mice subjected to TAC Cardiac  
hypertrophy

Upregulation TGFβR1 Inhibit TGFβ pathway (79)

Table 1 (continued)
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Table 1 (continued)

miRNA Study model/cell Disease Expression Target Function Reference

miR-15b Porcine heart with I/R injury Upregulation PDK4 and 
SGK1

(74)

miR-15b Ang2-induced cardiac  
hypertrophy mouse models

Cardiac  
hypertrophy

Upregulation Inhibit TGFβ pathway (31)

miR-16 Rat models with AAC; mouse 
models subjected to TAC; mouse 
models induced by PE; PE and 
Ang2 induced cell models

Cardiomyocyte 
hypertrophy

Downregulation cyclins D1, 
D2 and E1

Inhibit cardiac hypertrophy (65)

miR-16 Doca-induced HHD cells and rat 
models

Hypertensive 
heart disease

Upregulation ADRA1A Promote apoptosis (70)

miR-16 H/R-treated AC16 cells Myocardial  
infarction injury

Upregulation IRS1 Inhibit apoptosis and promote 
angiogenesis and cell viability

(66)

miR-16 AMI rat and H2O2 treated NRVC 
models

Acute myocardial 
infarction

Upregulation β2-AR Promote apoptosis and inhibit 
cell viability

(67)

miR-424 Hypoxia-treated ECs Myocardial  
infarction

Upregulation CUL2 Promotes angiogenesis (62)

miR-424 IRI heart tissues and H/R-injured 
H9C2 cells

Myocardial  
infarction

Upregulation CRISPLD2 Promote pyroptosis (64)

miR-497 NRCs subjected to A/R injury and 
mouse models subjected to I/R 
injury

Myocardial  
infarction

Downregulation BCL2 and 
LC3-B

Promote apoptosis and inhibit 
autophagy

(60)

miR-497 Mouse models of myocardial I/R 
injury

Myocardial  
infarction

MFN2 Inhibit apoptosis and promote 
proliferation

(61)

miR-497 Ang2 treated neonatal mouse  
cardiomyocytes and mouse  
models with TAC

Cardiac  
hypertrophy

Downregulation SIRT4 Inhibit myocardial  
hypertrophy

(57)

miR-497 Human cardiosphere-derived cells 
with cardiac differentiation  
induction

Downregulation TGFβR1 Cardiac differentiation (56)

miR-103 Rat models with TAC and cell 
models treated with Ang2

Cardiac  
hypertrophy

Downregulation TRPV3 Inhibit autophagy (81)

miR-
103/107

H2O2-induced necrosis in H9C2 
cells and I/R injury animal models

Myocardial ischemia 
reperfusion injury

Upregulation FADD Promote necrosis (84)

MI, myocardial infraction; HF, heart failure; I/R injury, ischemia/reperfusion injury; H/R injury, hypoxia/reoxygenation injury; A/R injury,  
anoxia/reoxygenation injury; NRCs, neonatal rat cardiomyocytes; HUVECs, human umbilical vein endothelial cells; Ang2, angiotensin 2; 
TAC, transverse aortic constriction; AAC, abdominal aortic constriction; STZ, streptozotocin; PE, phenylephrine; H2O2, hydrogen peroxide; 
ISO, isoprenaline; TAB, thoracic aortic banding; CnA, calcineurin A; HMGA1, high mobility group A1; MFN2, mitofusin 2; FBXW7, f-box 
and WD repeat domain containing 7; BCL-2, B cell CLL/lymphoma 2; SIRT1, sirtuin 1; SMAD3, smad family member 3; CXCR4, c-x-c  
motif chemokine receptor 4; SIRT3, sirtuin 3; BCL2L2, BCL2 like 2; ARL2, ADP-ribosylation factor-like protein; TGFβR1, transforming 
growth factor beta receptor 1; PDK4, pyruvate dehydrogenase kinase 4; SGK1, serum/glucocorticoid regulated kinase 1; ADRA1A,  
adrenoceptor alpha 1A; IRS1, insulin receptor substrate 1; β2-AR, β2 adrenergic receptor; CUL2, cullin 2; CRISPLD2, cysteine rich  
secretory protein LCCL domain containing 2; SIRT4, sirtuin 4;TRPV3, transient receptor potential cation channel subfamily V member 3; 
FADD, fas-associated protein with death domain.
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heart failure are increased (33). As previously mentioned, 
miR-16 is increased in HHD (70), it has also been found to 
be increased in the plasma of patients with hypertension-
induced heart failure (69). Fourteen miRNAs including 
miR-15a are reported to be upregulated in patients with 
hypertrophic cardiomyopathy (98). Overall, the miRNA 
expression profiles in blood samples from patients with 
different types and stages of heart failure show diverse 
expression patterns of miR-15/107 family members. 
Whether this signature can be used to stratify heart disease 
also deserves deeper exploration.

Nevertheless, miRNAs levels are influenced by the 
selection of reference genes, the method of RNA extraction 
and analysis, the samples types (serum, plasma, or whole 
blood), and whether patients are hospitalized or undergoing 
drug treatment. Therefore, an industry-accepted standard 
is significant to accelerate the application of circulating 
miRNA in the clinical settings.

Given that the ‘area under the ROC curve’ (AUC) of 
a combination of several genes is higher than that of an 
individual gene (99), the signature of circulating miRNAs 
in patients with heart diseases may open new avenues 
for diagnosis through combining both protein and RNA 
biomarkers.

Collectively, the studies discussed above characterize the 
miR-15/107 family members as promising candidates for 
diagnostic, prognostic, and therapeutic application in heart 
disease.

We have now summarized the expression patterns of 
circulating miR-15/107 family in patients with different 
types of heart disease (Table 2).

Clinical applications and challenges of the miR-
15/107 family in disease

Locked nucleic acid (LNA)-modified anti-miRs have been 
demonstrated to silence miRNAs efficaciously in vivo and 
show excellent potential for the treatment of diseases. For 
example, miR-122 inhibitor has been used to cure HCV 
infection (100,101).

It is reported that miRNAs have promising applicability 
in the treatment of heart disease. miR-208a, for instance, 
has been shown to play a crucial role in the development 
of cardiac hypertrophy and myocardial fibrosis (102), and 
the antagomiR of miR-208a: MGN-9103 has reached 
preclinical testing.

Inhibition of members of the miR-15/107 family has 
reached clinical trials for noncardiac disease. For example, 
administration of miR-16 is under investigation in patients 
with malignant pleural mesothelioma and non-small cell 
lung cancer (ClinicalTrials.gov Identifier: NCT02369198). 
Additionally, antagomiR-103/107 (known as RG-125/
AZD4076) has gained a clinical phase I and IIA trial as 
a potential treatment for patients with Type 2 diabetes 
with non-alcoholic fatty liver disease (NAFLD) and non-
alcoholic steatohepatitis (NASH) (ClinicalTrials.gov 

Figure 1 The possible mechanism of the miR-15/107 family in heart disease.
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Identifiers: NCT02826525 and NCT02612662).
Given that members of the miR-15/107 family are 

dysregulated in various heart diseases, manipulation of 
members of the miR-15/107 family can attenuate the effects 
caused by various damage. Therefore, anti-miRs of the 
miR-15/107 family show excellent diagnostic, prognostic, 
and therapeutic potential for patients with heart disease, 
and deserves deeper investigation. 

Discussion

This review of the collective work of independent research 
groups using both animal and cell models have illuminated 
the role of the miR-15/107 family in cardiac function. It 
is intriguing that the expression patterns of members of 
the same miRNA family are highly diverse. miRNAs in 
the same family may display opposite effects, and even 
the phenotypic effects of a single miRNA can differ under 
different conditions. We discovered that the contradictory 
phenotypic effects of miRNAs in the same family depend 
on the type and degree of stress, the timing of injury, and 
cell types and species. For example, miR-16 has a protective 
effect in cardiac hypertrophy, but has adverse effects in 
ischemic heart disease. miR-195 behaves consistently as 
a deleterious cardio-miRNA, while inhibition of miR-
103/107 deteriorates the cardiac phenotype. The reason 
behind these differences remains unclear. We speculate 
that the following may be some potential reasons to explain 

these conflicting results: (I) different cell populations, 
different gene expression profiles; (II) the affinity between 
miRNAs and target genes; (III) the polymorphism in 
miRNA and miRNA target sites; (IV) the genomic location, 
which means that different miRNAs possess different 
neighboring genes; and (V) the upstream transcriptional 
factor of miRNAs. There is a lot of work left to carry out in 
order to address these perplexing phenomena.

Most studies to date have focused on individual miRNAs 
in the miR-15/107 family instead of the whole family. 
The effect of a single miRNA is often mild, and it has 
been widely recognized that a single miRNA can govern 
numerous target genes, conversely, a single target gene 
can be manipulated by multiple miRNAs (103,104). Thus, 
future studies are required to decipher the cooperation 
of the entire group. Co-regulation networks between 
miRNAs-targets are also needed to tackle the complexity of 
regulation. The ability of the entire family to outperform an 
individual miRNAs requires further investigation.

The results described above also demonstrate that 
targets of the miR-15/107 family involved in heart disease 
are most likely to be correlated with mitochondrial 
dysfunction and apoptosis .  For example,  SITR1, 
SIRT3, SIRT4, MFN2, ARL2, PDK4, and c-Myb 
are involved in mitochondrial regulation, and BCL2 
and SGK1 are crucial in anti-apoptotic events. Based 
on the computational prediction using starbase.com  
(http://starbase.sysu.edu.cn/index.php) and TargetScan.com  

Table 2 The expression patterns of circulating miR-15/107 family in patients with heart disease

miRNAs Expression Disease Reference

miR-15a Upregulation Hypertrophic cardiomyopathy (98)

miR-16 Upregulation Acute heart failure (94)

miR-16 Upregulation Under cardiac surgery (92)

miR-16 Upregulation Hypertensive heart disease (69)

miR-16 Upregulation Takotsubo cardiomyopathy (91)

miR-16 Downregulation End stage of heart failure (96)

miR-16 Downregulation Heart failure (97)

miR-497 Downregulation Chronic heart failure (95)

miR-107 Downregulation Chronic heart failure (95)

miR-103 Downregulation Acute heart failure (93)

miR-195 Upregulation Heart failure (33)

miR-195 Upregulation Acute myocardial infraction (90)
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(http://www.targetscan.org/vert_71/), there are still a 
variety of predicted targets associated with mitochondria 
which remain to be experimentally validated. Given that 
mitochondrial dysfunction is critical for apoptosis and heart 
disorder (8,38), it is reasonable to speculate that the miR-
15/107 family predominantly functions in heart disease 
mainly by mediating mitochondrial function and apoptosis. 
The involvement of other targets in the regulatory network 
involving the miR-15/107 family, mitochondrial, apoptosis, 
and heart disease, also requires further investigation. 
Since mitochondria-targeted antioxidant therapies have 
gained increasing attention, interventions to reserve 
mitochondrial dysfunction may offer a practical strategy to 
ameliorate heart disease. Therefore, deeper exploration of 
the interaction between miR-15/107 family members and 
mitochondrial may provide insights into the progression 
of heart disease. Finally, given the contradictory role of 
the miR-15/107 family in different diseases, particular 
attention should be paid to the hurdle posed by off-target 
effects in which an individual miRNA functions divergently 
by binding to distinct target genes. Consequently, it 
may be favorable to target cell-specific or tissue-specific 
downstream effectors, especially the mitochondrial-related 
targets instead of miRNAs themselves, in order to avoid 
side effects.

Conclusions

Numerous therapeutic approaches have been used in 
recent decades to repair heart damage and preserve 
cardiac function, however, there are still many knowledge 
gaps regarding the cellular and molecular mechanisms 
that mediate cardiac function, and these require further 
investigation.

In this review, both animal and cell models of heart 
disease have demonstrated disruption of the miR-15/107 
family in response to diverse types of stress. Disruption 
of the miR-15/107 family promotes cardiac phenotype 
deterioration and plays an under-appreciated role in the 
development and progression of heart disorders. It has been 
shown that a collection of genes involved in proliferation, 
apoptosis, autophagy, energy metabolism, angiogenesis, 
and cell cycle are controlled by the miR-15/107 family. 
The current clinical application of the miR-15/107 family 
in noncardiac disease, as well as the circulating miR-
15/107 family signature in patients with different heart 
diseases, indicates their compelling potential for clinical 
application in a cardiac population. Elucidating the different 

expression patterns and underlying mechanism of the miR-
15/107 family will pave the way for attractive therapeutic 
applications.
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